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The purpose of the experiments discussed in this paper has been to make 
preliminary observations upon the applicability of the Lindbergh apparatus 
to the study of human thyroid tissue removed at operation and kept alive 
in the apparatus for varying periods of time.  It will be seen that, by vary- 
ing  the  composition of the  circulating  fluid  that  is  substituted  for blood 
(hereafter called "perfusate" in this paper), valuable clues as to the influence 
of such  substances  as iodin  and  a  number of hormones  in  regulating  the 
metabolism of the gland  might  be obtained.  Once one has found a  syn- 
thetic medium that can replace human blood and maintain  the gland in a 
condition as nearly similar to that which existed in the body, one may then 
alter its various constituents,  add new ones, and experiment  generally on 
the effect of this or that component.  By using such a fluid as a base and 
by adding or subtracting various constituents,  the results we are about to 
detail  were  obtained.  The  work has,  of necessity, been rather  tentative 
and not as systematic as that  which we propose carrying out in the near 
future,  but it  gives definite  indications  as to  the  possibilities involved in 
the use of this method and affords much promise for further experimenta- 
tion. 
Material 
The material used consisted of several grams of thyroid tissue removed at 
operation from the upper pole of one of the lobes of the organ  under  the 
usual strict aseptic precautions, care being taken to locate and to preserve a 
suitable  artery  that  would afford  a  vascular  tree  for the  explant.  Such 
arteries were usually in the neighborhood of 2 mm. in diameter.  The tissue 
was immediately placed in a sterile fruit jar, the cover clamped on, and the 
whole well wrapped in a  sterile cotton pad a  centimeter or so in thickness, 
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so folded, about the jar as to envelope it entirely and to act as a  sterile 
barrier to air infection.  Jar and specimen were then transported from the 
hospital  to  the  neighboring Institute where  the  specimen was  removed, 
trimmed, treated by immersion in weak sodium hypochlorite solution to 
preclude surface contamination, and finally set up in the apparatus.  Such 
specimens were  kept in  this  at varying temperatures  for several  weeks, 
with a completely artificial synthetic perfusate.  The apparatus is described 
elsewhere (1),  as are all the minutiae of manipulation that go with its use. 
Biopsies about the size of a pea were made from the specimens from time 
to time under aseptic precautions in the operating room of the Institute. 
Thus one might examine sections from these at stated intervals and follow 
the progress of the experiment under the microscope.  Mter each biopsy 
was taken the tissue specimen was inspected, any bleeding points were tied 
off, and the tissue returned to the apparatus. 
The  thyroids used in the  experiments varied from pronounced hyper- 
plastic goiters through well involuted cases after Lugolization, to adeno- 
matous and nodular colloid goiters.  They were taken as they happened to 
come  to  operation  and  in  no  particular  order.  There  was  one  case  of 
struma lymphomatosa among these which, unfortunately, did poorly on 
the machine and could not be utilized.  One carcinoma of thyroid origin 
was maintained for 8 days at room temperature, but although interesting 
it is irrelevant to this paper. 
Stock Perfusate 
The basic peffusate used in the apparatus was devised for this purpose with the aid 
of the tissue culture technique, and has been described in detail in previous communica- 
tions (2).  It has the following  composition,  the figures being expressed as percentages 
in Tyrode's solution as a menstruum. 
Blood  digest  50  mg. %  N  Sodium  glycerophosphate  57.3  mg.  % 
L-tryptophane  5.5 nag. %  Glycerol  0.25 gln. % 
Insulin  0.1 unit  %  Thymus nucleic  acid  20.0 rag. 
Thyroxin  1.0 gamma %  Vitamin A  100  units  per 
Heroin  4.0 gamma  %  100cc. 
Potassium iodid  Variable  Vit~tmln  BI  0.1 gamma 
Cysteine hydrochloride  9.0 mg. %  Vitamin B2  3.4 gamma % 
Urea  2.4 rag. %  Ascorbic acid  300  gamma % 
Glucose  300.0 nag. %  Antuitrin  2  1:500 
Casein  I  O. 1 gin. %  Adrenalin  ~  Variable 
Witte's peptone  7.4 mg. % N  Eschatin  I  Variable 
Phenol red as indicator  5.0 nag. %  Pitressin  s  Variable 
Glutathlone  1.2 rag. % 
1 Harris purified casein free from vitamins A  and B. 
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In the experiments the amounts of iodin, adrenalin, eschatin and pitressin, nucleic 
acid, thyroxin, hemin, and insulin were  varied.  Theelin was added in five  experiments 
and amino acids were substituted  for blood digest in one.  In one experiment a very 
simple medium of Tyrode's solution with 2 per cent gelatin and phenol red as indicator 
was employed. 
Microscopic Technique 
From  each  biopsy  two  fragments were fixed in  Bouin's  solution  con- 
taining trichloracetic instead of acetic acid, one piece being run through at 
the Institute with hematoxylin-eosin as the stain, the other at the New York 
Hospital with a modified Masson (Goldner, 3) trichrome technique.  Thus 
the material was available for study at both institutions and any differences 
in  the viability of the tissue,  or in  the idiosyncracies of technique were 
equalized. 
Interpretation of the Material 
We should begin with generalizations applicable to all the experiments, 
for there were changes in the tissue inherent to the method employed; the 
sodium hypochlorite produced some surface degeneration of the fragments, 
blocking of small arterioles by accumulations of coagulated material oc- 
curred, and there were other similar artifacts, all of which must be taken 
into account.  In the following descriptions the viable tissue alone is under 
discussion, the degenerated areas are of no importance in drawing conclu- 
sions from the experiments.  Neither infection nor degeneration occurred 
early in any given experiment and the former was uncommon and found to 
be due to leakage in the gas filtration system, a fault subsequently overcome. 
The specimens usually underwent a  good deal of shrinkage after being 
placed on the apparatus, much of which was apparently due to the emptying 
of stored colloid from the acini, which collapsed and produced a compacted 
appearance  without  bringing  about  much infolding of  their  epithelium. 
Rather, the cells seemed to expand as the compressive force of the acinar 
collapse diminished,  so  that  a  fiat epithelium became higher, giving the 
effect of hyperplasia.  This  elastic effect has been discounted in judging 
true  hyperplasia  in  these  experiments,  any  mention  of hyperplasia  will 
mean just that and not apparent overgrowth.  The early emptying of the 
acini is probably due to the secretion of their contents into the perfusate 
during the first few days, after which much less is found in the latter  by 
chemical analysis. 
Another rather constant feature was the production of very small  cells 
the size of lymphocytes through the degeneration of the acinar epithelium 
where there was infarction of a "lobule."  A small dark nucleus remained, 
surrounded by a ragged zone of cytoplasm.  This has no bearing upon the 42  ABNORMAL HUMAN THYROID TISSUE IN LINDBERGH APPARATUS 
production of lymphoid areas in  hyperplastic goiter, for a  careful  check 
convinces one  that  these  areas have  a  definite lymphoid reticulum and 
follicles, while the cells in question merely lie about in groups and lack these 
features entirely.  Although many of the  degenerating cells  become ne- 
crotic, others appear to persist in a fair state of preservation and while this 
probably  has  no  bearing  on  "lymphocytic infiltration"  in  hyperplastic 
goiter,  it  might  have some in  connection with  the  so  called  "small  cell 
carcinoma" of the thyroid, often mistaken for lymphosarcoma.  A review 
of numerous sections from a variety of goiters shows this form of degenera- 
tion to be relatively common, but as it occurs in small loci it is u~ally over- 
looked.  Thus it is not peculiar to tissue cultivated in the apparatus, but 
may occur  intra  vitam. 
In studying the experimental material, the nature of the glands under 
observation was not only taken into account, but the histories of the pa- 
tients from whom they came were summarized in order to determine if these 
might have any bearing upon the behavior of the glands subsequent to ex- 
plantation.  As will be seen later,  there is no connection noted between 
the case history and the specimen history.  Several specimens were fol- 
lowed over 3 or more weeks and one for 62 days. 
One more generality to be noted is the fact that there was a tendency for 
tissue  from hyperplastic glands  to  undergo involution, becoming less hy- 
perplastic and more normal in appearance or to remain unchanged in the 
apparatus, unless certain introduced substances were present in the perfus- 
ate.  This would indicate that the stimulus for  hyperplasia  is  extrinsic, 
rather than intrinsic in the gland itself. 
EXPERIMENTS 
Simplest  Medium 
Tissue from a  nodular colloid goiter was placed on circulation with a 
fluid composed of 2 per cent gelatin in Tyrode's solution and 5 mg. per cent 
phenol red as an indicator.  It was maintained on this lean medium for 13 
days, biopsies being taken on the 5th and 13th.  The first showed changes 
of staining affinity in the colloid from red to green in the Masson-stained 
sections, which is interpreted as an increased fluidity of the colloid which, 
when it is more inspissated, should stain red or orange.  The colloid was 
also coagulated and fragmented into clumps and irregular masses, such as 
are seen in degenerating goiters.  The epithelium became somewhat vacu- 
olated.  At 13 days it was flattened and opaque, with an increased refrac- 
tion index.  There was little of the focal degeneration seen in other speci- 
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on  a  medium  too lean  in  nutriment.  This  experiment  might  serve  as  a 
base line  for those that  follow; the tissue was remarkably well preserved 
and free from infection, it merely had a shrunken and somewhat coagulated 
or  desiccated  appearance. 
Effects of Iodin on Explanted Tissue 
100 gamma per cent was supplied in the form of potassium iodid in twelve 
experiments, there was none in five, one began with none for 9 days, after 
which 100 gamma per cent was added and  two  ran with none for 14 days, 
after which the same amount was added.  The basic medium was present 
in all cases, but some of its constituents other than iodin, notably the hor- 
mones,  varied  in  their  concentration. 
Hyperplastic  Goiter (Exophthalmic  Goiter).--Of thirteen  glands that were 
hyperplastic when removed at operation, eight either continued to be so or 
grew more hyperplastic on a  perfusate containing  100 gamma per cent of 
iodin;  one  showed no  change  until  the  iodin was added  on  the  9th  day, 
whereupon  it  became  hyperplastic;  three  glands  were unchanged  in the 
presence of  100 gamma per cent and one showed hyperplasia  in its total 
absence. 
A denomatous and Nodular Colloid Goiters.--In the presence of 100 gamma 
per cent of iodin one showed no change, while in its absence two showed no 
change  and  two slight  hyperplasia. 
In  evaluating  these  results  it  is  necessary  to  consider  other  factors, 
when  it  will  be  seen  that  iodin apparently  played no  consistent part  in 
favoring  or  inhibiting  hyperplasia  in  the  tissue  in  the  apparatus.  Nine 
out of  thirteen  hyperplastic  glands  showed continuing  hyperplasia  in  its 
presence,  which  might  at  first seem significant  even  though  surprisingly 
contradictory to clinical experience.  It may be that iodin does not work 
upon  the  epithelium  through  immediate  contact  and  action  when  ad- 
ministered  in  the form of Lugol's solution  to  the  patient,  but rather  by 
reason of some intermediate action on another endocrine organ.  Or it may 
be that  its  action in these experiments was entirely overbalanced by the 
stimulating  action of some other component of the medium.  If the iodin 
had any influence on the glandular  epithelium,  in our experiments, it was 
to favor rather  than  to inhibit  hypertrophy. 
Effect of Adrenalin on the Tissue 
The amount of adrenalin in the perfusate varied from none to 100 gamma 
per cent.  In  two experiments  there  was none,  in  fourteen  there  was 20 
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Ityperplastic Goiters.--With no adrenalin, one gland showed slight hyper- 
plasia,  another marked metaplasia  and slight hyperplasia,  which will be 
discussed later.  With 20 gamma per cent, six showed continuing hyper- 
plasia,  two  a  peculiar  vacuolization  of  their  cytoplasm,  and  two  little 
change.  With  100 gamma per cent three showed continuing hyperplasia 
and  one  but  little  change. 
Other Goiters.--Five showed no significant change with 20 gamma per cent 
and with 100 gamma per cent one showed slight hyperplasia and one none 
at  all. 
These figures are also without any particular significance when one takes 
into account other factors involved.  The adrenalin content of the perfusate 
appears to be of relatively little importance. 
Effect of Eschatin and Pitressin 
Eschatin is the Parke Davis preparation of cortical suprarenal hormone, 
pitressin  a  posterior  hypophyseal lobe  hormone  that  had  been  used  in 
other experiments and was left in combination with the eschatin in these. 
They were used in dilutions of 1:5000  and  1:1000. 
Hyperplastic Goiters.--Of  those subjected to  a  1:5000  concentration of 
these hormones, four showed no marked change in the epithelium and one 
was unchanged until the perfusate, which had contained no iodin, had 100 
gamma per cent added, whereupon it became hyperplastic.  In the lesser 
dilution of 1:1000,  ten hyperplastic goiters remained so or became more 
hyperplastic (some of them having already undergone more or less complete 
involution  in  the patient  before operation). 
Other Goiters.--Of these three showed no change with a  1:5000 concen- 
tration, while one showed slight hyperplasia.  One remained unchanged in 
the presence of a  1 : 1000 dilution for a  few days and then slowly became 
hyperplastic. 
Here,  then,  we  have  results  that  are  striking  and consistent.  There 
appears to be a definitely stimulating action on the part of one or the other 
of these hormones.  This  is  illustrated  in  Figs.  1  to  8. 
Effects of Nucleic Acid 
This was used in concentrations of 0,  10, and 20 rag. per cent.  There is 
no need to detail the results as they were inconsistent and quite unillumi- 
nating, apparently this element was largely without effect. 
Influence of Insulin 
Insulin was regularly present in a  concentration of 0.1  unit per cent in 
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The most significant fact to be gleaned from this one instance was that the 
material used failed to  show marked hyperplasia although the eschatin- 
pitressin concentration was high and theelin was present.  This was the 
only primarily hyperplastic goiter that  failed  to  show definite and con- 
tinued hyperplasia in the presence of high concentrations of these hormones, 
which might indicate an inhibitory action on the part of the insulin. 
Effects of Theelin 
In five experiments tissue from two hyperplastic, one involuting hyper- 
plastic goiter, and one adenoma was placed on a perfusate containing 0.4 
gamma per cent of theelin, the thyroxin content being increased from 1.0 
gamma to  1.55 gamma per cent.  In one of these the tissue showed pro- 
gressive and marked hyperplasia, the most marked overgrowth to be noted 
in the series.  It had the appearance of an untreated hyperplastic goiter. 
This might point to the presence of theelin were it not for the contradictory 
evidence of the other four experiments which showed no comparable hyper- 
plasia.  In all five of these experiments the eschatin-pitressin concentra- 
tion  was  also  high. 
E~rects of Thyroxin 
In one of the five experiments in which the amount of this substance was 
increased there appeared vacuolization of the epithelium and hyperchro- 
masia of the nuclei, with marked disparity in the size of the cells, some of 
which were nearly twice as large as their fellows.  The nuclei tended to 
bulge out into the acinar lumina beyond the level of the cytoplasm.  Later, 
however, the latter  increased in  amount and showed vacuolization.  At 
the same time it became somewhat refractile, giving the cells the hyalin 
appearance  characteristic  of the  epithelium in struma lymphomatosa, or 
in that of the involuting thyroids of cretinism or myxedema.  The insulin 
concentration was also high in this experiment (5 units per cent), which 
should be taken into account.  See Figs. 9 and 10 for illustrations of this 
experiment. 
Effect of the "Human Element" 
In those experiments employing hyperplastic goiters, the histories of the 
cases were reviewed in order to determine whether there was any correlation 
between the past history and subsequent developments in the apparatus. 
The cases were divided into severe, moderate, and mild groups on the basis 
of the symptoms and the basal metabolic rates. 
Severe Cases.--There  were  three in  this group.  The first had a  very 
turbulent course and died as the result of a postoperative "thyroid storm;" 
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of this, her tissue showed no hyperplasia in the apparatus where it was 
maintained for 9 days on a fluid containing low eschatin-pitressin concen- 
tration.  A control section from the gland at operation showed generally 
good involution under Lugolization, with a  few areas of persisting hyper- 
plasia.  The second case had moderate symptoms, but average 46 B.M.R. 
for four readings.  The tissue in the apparatus showed hyperplasia through- 
out 15 days, after which it degenerated.  The eschatin-pitressin concentra- 
tion  was  high.  Control  sections  showed  moderate  hyperplasia.  The 
third patient had moderate symptoms and an average B.M.R. of 54 on two 
readings.  The tissue involuted and showed no hyperplasia while in the 
apparatus for 9 days, with a low eschatin-pitressin concentration.  Control 
sections showed definite hyperplasia at the time of operation. 
Moderate Cases.--The  first had a  B.M.R.  of 27  on five readings with 
moderate symptoms.  The tissue was hyperplastic in the machine where it 
was  followed  for  13  days,  after  which  it  degenerated.  The  eschatin- 
pitressin concentration had been high.  The control sections showed good 
involution.  The second case had an average B.M.R. of 37 for five readings 
and moderate symptoms.  The tissue showed the most marked hyperplasia 
of the series and was followed in the apparatus for 35 days, when there was 
still viable tissue present.  Here, the eschatin-pitressin concentration had 
been  high  and  theelin  was  present  in  the  perfusate.  Control  sections 
showed irregular involution.  In the third case  the B.M.R.  averaged 43 
for four readings and symptoms were mild.  Death followed postoperative 
atelectasis.  The tissue was followed on two machines for 16 and 11 days 
respectively; in one case it showed hyperplasia in the presence of a  high 
eschatin-pitressin concentration, while in the other, with a low concentra- 
tion of these hormones, it showed little change.  Control sections showed 
moderate hyperplasia.  The fourth case had an average B.M.R. of 32 on 
three readings and moderate symptoms.  The tissue became metaplastic 
rather than hyperplastic in appearance, resembling a malignant neoplasm 
somewhat.  The eschatin-pitressin concentration was high and two frag- 
ments were followed on two machines for  29  and  62  days respectively, 
both showing the unusual change.  Control sections showed good involu- 
tion at the time of operation.  The fifth case was of considerable interest 
as the patient was emotionally unstable and showed wide fluctuations in 
her B.M.R.  (30-70),  the average being 47  for ten readings.  The tissue 
became definitely hyperplastic on the apparatus and this continued and 
increased during the 27 days it remained there, five biopsies being taken 
during this period.  The eschatin-pitressin concentration had been high, 
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unscalloped colloid and  low  epithelium.  The  sixth  case  was  a  Chinese 
patient with an average B.M.R. of 40 on seven readings.  His tissue, main- 
tained on two machines, showed hyperplasia that came on slowly after the 
9th and 12th days respectively.  The tissue remained in the apparatus for 
27 days in both instances.  The eschatin-pitressin concentration was high 
in one, low in the other; there was no iodin present in that with the low 
hormone concentration until the 9th day, when 100 gamma per cent was 
added.  In that with the high hormone concentration iodin was present 
in this concentration from the start.  Control sections showed moderate 
hyperplasia persisting after Lugolization and the patient had diabetes as a 
complication. 
Mild Cases.--There were two of these, the first had an average B.M.R. 
of 23 on three readings with mild symptoms.  The tissue was divided be- 
tween two machines, one having the usual 0.1 unit per cent of insulin, the 
other 5 units per cent, with the eschatin-pitressin concentration high and 
theelin present.  The thyroxin and hemin were also increased in both in- 
stances.  They were followed for 5 and 36 days respectively.  The tissue 
showed the changes described under "thyroxin."  Control sections showed 
hyperplastic goiter without much involution.  The second mild case had an 
average B.M.R. of 17 for eight readings and mild symptoms.  Tissue in 
the  apparatus  showed slight  hyperplasia  that  remained practically  sta- 
tionary during the 47 days that it was followed.  Eschatin-pitressin con- 
centration was low.  The control sections at time of operation showed well 
involuted hyperplastic goiter. 
These results are of interest as they apparently demonstrate that there 
is no definite correlation between past history, the state of the tissue when 
removed from the patient to the apparatus, and the subsequent behavior 
of this tissue in the apparatus.  In every instance the hyperplasia that was 
marked and progressive was seen coincidentally with high concentration 
of eschatin-pitressin.  Reference to  these  brief  protocols will show that 
those glands that showed marked hyperplasia on the machine, might show 
little in the control sections and that the patient might come from the mod- 
erate  group.  The  third  severe  case,  for  example,  showed high B.M.R. 
readings  and  an  uninvoluted,  typical  hyperplastic  goiter  at  operation. 
Nevertheless,  tissue  from  this  gland  involuted in  the  apparatus  in  the 
presence of a  low eschatin-pitressin concentration. 
Metaplastic Changes 
One of the experiments showed very interesting metaplasia that is un- 
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from one of the moderate cases  (case 4, moderate), control sections from 
which showed a good deal of variability in their pictures, but nothing strik- 
ing.  Mter  a  few days in the machine hyperplasia became marked and 
metaplasia appeared, to increase steadily until the sections looked enough 
like carcinoma to deceive a competent thyroid surgeon who examined them 
into thinking that they were cancer.  Mter 34 days the metaplasia was 
very marked, but during the last few weeks in the apparatus the gland 
became more normal looking and was merely hyperplastic at the end of 2 
months.  Iodin had been added to the perfusate at the 14th day, prior to 
which none had been present.  There were ample controls for the high 
hormone-low iodin combination, none of which reacted similarly.  There 
is nothing in the history of the case that might explain it and the patient 
made an uneventful recovery from the operation.  In all probability we are 
dealing with  some  sort  of degenerative change leading to metaplasia, a 
phenomenon sometimes seen in "burnt out" cases of exophthalmic goiter 
with exhaustion atrophy (Figs. 11 and 12). 
Effeas on  Thyroid Colloid 
In all the material the appearance of the colloid in the acini was carefully 
noted and checked against the various factors that might be responsible 
for the changes noted.  The only artifacts seen were in connection with 
extensive degeneration, when colloid might become granular and disappear. 
It was also found that necrosis of the epithelium frequently left the colloid 
unaffected.  It has been found that normal colloid has an affinity for the 
red and orange elements of the Masson-Goldner stain and presents smooth, 
rounded contours.  Not infrequently portions of it will take the green stain. 
In hyperplastic goiters, however, most or all of the colloid stains light green 
and exhibits vacuolated or scalloped margins.  It was found that in nine- 
teen experiments there was a definite relationship between the presence of 
hyperplasia and green-staining colloid on the one hand and high concentra- 
rio- of eschatin-pitressin on the other.  Conversely, in the presence of low 
concentration of these hormones the red-staining colloid tended to persist 
for several  to  many days.  ScaUoping followed the  same lines.  It  was 
interesting that  the  eschatin-pitressin concentration could be  accurately 
judged (high or low) by the appearance of the colloid alone. 
DISCUSSION 
It should be emphasized at the outset that the purpose of these experi- 
ments was primarily an attempt to ascertain whether the methods employed 
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rather than to set up a series of tests calculated to answer any questions as 
to the influence of hormones or other substances on the surviving thyroid. 
This promise seems to have been fulfilled, for human tissue has been trans- 
planted to the apparatus and has kept in excellent condition for sufficient 
time periods for one to carry out a variety of experiments of the sort de- 
scribed. 
So far as results obtained from chemical alterations in the perfusate are 
concerned, it must be admitted that it would be presumptuous to try to 
draw any definite conclusions when so many variables are present.  One of 
the substances that was present in this perfusate, the combined eschatin- 
pitressin  content,  seems to  have  yielded striking results,  however,  that 
should be given due consideration.  Another point that stands out from 
the rather confused mass of data is the independence of the behavior of 
the thyroid after transplantation of its past behavior in the body, once sub- 
jected to the new surroundings of the apparatus the tissue seems to react 
purely to the type of perfusate employed and not to carry over any inherent 
tendency to  undergo hyperplasia.  On the contrary,  hyperplastic glands 
have seemed to quiet down in the apparatus once they were removed from 
the body, provided that the perfusate did not contain any stimulating sub- 
stance. 
This behavior is of importance in view of the uncertainty that exists as 
to the cause of hyperplastic goiter.  A perusal of Rienhoff's (4)  article in 
Lewis' "Practice of  surgery," or of Boyd's "Surgical pathology" (5)  will 
convince the reader that there is still much difference of opinion concerning 
this point. 
The effect of a high concentration of eschatin and pitressin (1:1000)  in 
the perfusate stands out in a clear cut fashion throughout the experiments. 
It produced definite hyperplasia irrespective of the condition of the tissue 
when transplanted to the apparatus, it had its effects upon the absorption 
of the colloid from the acini, which took on the green-staining characteristics 
regularly  noted  in  hyperplastic  goiter. 
Results obtained by varying other constituents of the perfusate were not 
constant and are mentioned in the body of the paper for the sake of com- 
pleteness, rather than from any desire to show that they prove anything. 
It is interesting that a  high iodin content, if it did anything, seemed to 
favor hyperplasia, rather than to inhibit it; this is the opposite of what one 
might expect from well known experiences with iodin therapy in exophthal- 
mic goiter.  So far as insulin is concerned, it is again interesting that a 
gland  maintained  on  a  high  eschatin  and  pitressin  concentration,  with 





Iodin  ~  .o...~ 
~¢*¢o 
gain- 
gamma per  ma 






20  1: 500C 
tO0  1: lOOC 
100  1:500£ 






Run at room temperature, 25°C. 
0  100  I:I000  20 






Lt0  100 
~35  100 




20  None 
20  " 
20  Embryonic 
chick  extract  i 
added 
i  20  Heated serum 
added on 4th 
day 
15th  day  10 
gm.%iedln 
None 
20  1:5000!  I0 
20  1:5000  ~  I0 
20  1:5000  10 
20 
20  1:1000  20 











Run 1 wk. at 37.5  °,  then at 25  ° 
0  20  1:5000  10 
100  20  1:1000  20 
100  20  1:5000  20 
0  100  I:I000  10 
0  0  l:lO00  10 
0  0  t: 1000  0 
100  20  1:1000  0 
100  20  1:1000  0 
100  20  1:1000  0 
0  0  0  0 









Amino acids re- 
place  blood 
digest 
None 
14th  day  100 
gm.% iodin 
t 
Theelin and in- 
creased thy- 
roxin  and 
heroin 
5  units %  in- 
sulin 
Theelin and in- 
creased thy- 
roxin  and 
hemin 
Tyrode's solu- 








Graves'  dis- 
ease 
Nodular  col- 
loid 
Graves'  dis- 
ease 
Adenoma 
Graves'  dis- 
eas~ 
Same 
Graves'  dis- 
ease 
Adenoma 












































Results in the 
apparatus 












9th  then  hyo 
perplasia 
Hyperplasia 


















































50 N. CHANDLER TOOT, LILLIAN E. BAKER, AND ALEXIS CARREL  51 
sulin content was increased to 5 units per cent.  It may be asked why the 
thyreotropic hormone of the pituitary was slighted in this series of experi- 
ments.  It had already been used in another series of experiments (Okkels, 
6, 7) and was therefore omitted in ours.  The thyroids of cats and rabbits 
were found to show some hyperplasia following its use, but this was some- 
what less than that which might be noted in living animals. 
A tabular view of the experiments is presented, in order to summarize the 
work briefly and to afford an easy way of comparing the experiments with 
one  another. 
CONCLUSIONS 
1.  Human thyroid tissue may be kept alive and in good condition in the 
Lindbergh apparatus for at least 3  weeks, in usable condition from 1 to 
2 months, provided that the vascular tree remain patent and functioning. 
2.  Experiments with altered amounts of iodin, adrenalin, hormones, and 
other substances show constant results only in connection with eschatin 
and pitressin which, in concentrations of 1 : 1000 in the perfusate almost in- 
variably cause hyperplasia of the explanted tissue. 
3.  The original state of the tissue and the character of the symptom com- 
plex in the patient from which it was taken appeared to play no part in the 
subsequent behavior of the  tissue  explants. 
4.  In one experiment a most remarkable metaplasia was observed in the 
explanted thyroid tissue during the 6 to 8 weeks that it remained in two 
apparatuses.  The cause of this is not evident. 
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7. Okkels,  H., J. Exp. Meal., 1937, 66, 305. 52  ABNORMAL  HUM.AN THYROID TISSUE IN LINDBERGH APPARATUS 
EXPLANATION OF PLATES 
PLATE 4 
FIG. 1.  Control section from thyroid before cultivation in the apparatus.  ×  420. 
FIG. 2.  Section from biopsy on 3rd day of cultivation with a perfusate low in eschatin- 
pitressin (1:5000),  X 420. 
FIG.  3.  Same  material  after  7  days' cultivation  on  the  same  perfusate,  showing 
notable involution of the epithelium which is lower and  definitely cuboidal.  Compare 
with control.  ×  420. 
FIG. 4.  Section from biopsy on 9th day of cultivation.  There is no hyperplasia of 
note.  X 420. 
All photomicrographs  made  at  The  Rockefeller  Institute,  with  the  exception  of 
Fig. 12, which was taken at the Department of Photography of the Cornell University 
Medical College. THE JOURNAL OF EXPERrMENTAL  MEDICINE VOL. 70  PLATE  4 
(Foot  et  al.:  Abnormal human thyroid tissue in  Lindbergh apparatus) PLATE 5 
FIG.  5.  Control section from thyroid before cultivation  in the apparatus.  In this 
instance  the  gland  shows  fairly  good  involution  following  Lugolization  of  patient. 
Compare with the control of the preceding experiment, where involution was poor and 
the gland hyperplastic.  X 420. 
FIG. 6.  Biopsy on 5th day after cultivation in the apparatus on a perfusate with a high 
concentration  of eschatin-pitressin.  Note that  there  is  already marked hypertrophy 
of the epithelial cells and almost total  disappearance of the colloid.  X 420. 
FIG. 7.  Biopsy on 9th day of cultivation.  The hyperplasia continues.  X 420. 
FIG. 8.  Biopsy on  12th day of cultivation.  Hypertrophy and hyperplasia at their 
height.  Compare with the control and  note the marked change after  12 days on the 
high concentration of hormones.  X 420. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. 70  PLATE  5 
(Foot  et  al. : Abnormal human thyroid tissue in  Lindbergh apparatus) PLATE 6 
FIG. 9.  Biopsy from gland cultivated for 3 days on a medium with 5 units per cent of 
insulin  and increased thyroxin.  Note the disparity in the size of the cells, with vacuoli- 
zation of the cytoplasm and the very low, endothelioid type of the epithelium.  ×  420. 
Fic. 10.  Biopsy on 36th day from the same gland.  Here one notes a peculiar density 
of the cytoplasm, which has become refractile.  Although many nuclei are somewhat 
pycnotic, there are others which show the cells to be in good condition.  ×  420. 
FIG. 11.  Control section from thyroid at time of  operation.  It is irregularly hyper- 
plastic, but it shows no metaplasia.  ×  420. 
FIG. 12.  Biopsy from the same gland on the 5th  day of cultivation on a  perfusate 
with a high concentration of eschatin and pitressin, 100 gamma per cent of adrenalin, 
no iodin, and 10 rag.  percent of  nucleic acid.  The reason for the marked metaplasia 
that is evident in this figure is quite unknown.  Mter  adding 100 gamma per cent of 
iodin on the 14th day this metaplasia continued for a week or so and  then gradually 
gave way to a return to a more normal looking architecture.  ×  530. THE JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL.  70  PLATE  6 
(Foot  et  al.:  Abnormal human thyroid tissue in  Lindbergh apparatus) 